Hypoplastic Animia in Infancy
By JOHN L. STAFFORD, M.B. London SIGNIFICANT ancmia, resulting from marrow hypoplasia, is uncommon in infancy yet it is seen sufficiently frequently for its diagnosis to present a problem. Many papers on this topic have been written during the twenty years since Josephs (1936) and Diamond and Blackfan (1938) initially described their cases of familial hypoplasia, and classification has become diffuse with the recording of previously undescribed features, many being but variations on the same theme. This complexity is probably unnecessary and an attempt will be made to simplify the various categories into three main groups. Table I shows the gradation of effect between the various types of marrow hypoplasia. Marrow response may be limited. In the majority of instances the organ has failed as a whole and all cellular products are diminished. Some patients, however, suffer preponder-antly from red cell aplasia with a greater or lesser degree of agranulocytosis or thrombocytopenia; while in some, the marrow failure is apparently restricted to erythropoietic function. (Fanconi, 1927) "Non-hlemolytic" anmmia of newborn (Smith, 1953) Deficiency syndromes Folic acid-goat's milk anemia; ascorbic acid Marrow "exhaustion" (Chalmers, 1954) Iso-immune antibodies (Smith, 1949) Auto-immune antibodies (Bonham-Carter et al., 1954) (1) Total marrow failure is usually secondary to some easily recognized insult to function, either toxic, infective or allergic; it may follow marrow replacement as in the so-called metabolic disorders, in marble bone disease or from neoplastic infiltration; or it may result from irradiation. Hypersplenism is quoted in this context for it may present with peripheral evidence of pancytopenic marrow failure yet, of course, with excess activity in the marrow itself: it must be rare in infancy, but Doan and Wright (1946) believed one of their original cases of hypersplenism to be congenital.
(2) In some children pancytopenic marrow hypofunction has no apparent cause; a familial incidence and the coincidence of multiple structural defects suggest that these are constitutional or genetically determined. The Fanconi (1927) type is perhaps the most severe of this form. Smith (1953) refers to a transitory aneemia in which the marrow of the otherwise normal child fails to respond to the usual post-natal stimuli and erythropoiesis is delayed for a few weeks; for this, he has adopted the term "non-hiemolytic" anemia of the newborn.
(3) In some instances of secondary marrow failure, red cell hypoplasia is predominant, but leucopenia and thrombocytopenia often supervene. This is possibly the result of exhaustion from chronic over-stimulation-in a minor form it frequently follows hmmolytic disease of the newborn.
In some children failure appears to be confined to red cell formation yet marrow function otherwise remains normal. Again, exhaustion may cause this change. In the hereditary htmolytic syndromes it is probably the result of chronic over-stimulation and is referred to by Owren (1948) as a potential cause of the hWmolytic crises; in a similar fashion, occult placental htmorrhages may result in the same change (Wiener, 1948) . (4) This isolated failure of erythropoiesis may have no apparent cause. Kaznelson (1922> first recorded an example of pure aplastic anemia in an elderly man and Baar (1928) described what he termed erythrophthisis in a 3-year-old child. In the marrow of such cases red cell precursors of all types are missing.
Alternatively erythroblasts may be present, but their later development is interfered with. In the cases of erythrogenesis imperfecta, described by Cathie (1950) , the block appeared to be at the reticulocyte stage. Lelong et al. (1951) have reported similar findings but with the maturation arrest at the normoblast stage.
This group also includes the well-known variants described by Josephs (1936) and Diamond and Blackfan (1938) as familial hypoplastic anxmia, in which there may be no demonstrable marrow abnormality. Recently, in some of these latter cases, an underlying defect of tryptophane metabolism has been demonstrated, with the presence of anthranilic acid in the urine (Altman and Miller, 1953) . It seems that this group as a whole may well be constitutional, may be complicated by genetically determined abnormalities, and may be associated with a defect of metabolism.
(5) Finally, there is a group of rare syndromes in which the red cell aplasia is usually acute and may be transient and the underlying pathology appears to be due to immune mechanisms. Gasser (1949) has described acute allergic erythroblastopenia, usually following within ten days of an infectious or toxic episode. Similar changes have been found in both acute and chronic nephritis (Gasser, 1955) and in acute anuria (Richet et al., 1954) . Chalmers (1954) has referred to red cell aplasia co-existent with thymic tumours in adults; recently he has mentioned to me a child with red cell aplasia in whom reticulocytes were demonstrated for a short period, following the removal of a normal thymus.
Some half a dozen cases have been described of acute red cell aplasia associated with an iso-immune reaction. Smith's (1949) original case was due to anti-A iso-antibodies, others have been associated with anti-D antibodies and a case described by Bonham-Carter, Cathie and Gasser (1954) was apparently due to non-specific incomplete cold auto-antibodies. The case I am about to describe appears to come into this latter category.
It seems that the majority of cases of marrow failure in childhood are secondary to external or foreign stimuli; some are the result of a genetically determined dyscrasia; a few are due to isoor auto-immune mechanisms (Table III) . (1) Secondary to external or foreign stimuli (Including "exhaustion" from chronic over-stimulation) (2) Genetically determined dyscrasia (Including metabolic defects)
(3) Isoor auto-immune mechanisms CASE REPORT Linda M. is now 12 months old and very well, but she has passed through a transient phase of profound erythropoietic hypoplasia, analogous to the pure red cell aplasia described by Lescher and Hubble (1932) . Her story is of particular interest for it shows an apparent tetiological link between neonatal marrow failure and iso-immunization. I am most grateful to Dr. Ursula James for permission to discuss a case under her care at the Victoria Hospital for Children, Chelsea.
Linda arrived as the fourth pregnancy of a rhesus-negative Irish spinster, all sired by the same apparently homozygous positive Negro father. The first pregnancy had miscarried; the next two babies received successful exchange transfusions and are growing up as healthy but total charges of the London County Council. Linda was born on the pavement outside hospital with the aid of a passing policeman, but the delivery, at term, was otherwise normal.
There was a maternal serum titre of 1: 4,096 blocking anti-D antibodies and the child was jaundiced. An immediate exchange transfusion of 400 ml. whole blood was given without complication and she was discharged on the 16th day, having regained her birth weight of 6i lb.
Within a few days, however, the heemoglobin dropped rapidly to 5 2 grams/l00 ml. and, on the 24th day, she was admitted for the first time to the Victoria Hospital for Children. Marrow aspiration revealed an almost complete absence of red cell precursors, but a normal complement of megakaryocytes and the white cell series. Scattered throughout were small cells containing dense, darkly staining nuclei and an almost invisible cytoplasm-so-called.
himatogones. In the peripheral stream the white cells and platelets were normal: reticulocytes could not be found and differential agglutination tests failed to reveal any of the child's own D-positive red cells.
(These were subsequently typed as Group 0 rhesus positive (CcDdee); the mother was group 0 rhesus negative (cde/cde); and the putative father group 0 rhesus positive (CcDee).) Auto-agglutination at room temperature had created difficulty during cross-matching for the exchange transfusion, and this was still present at the 24th day when the red cells of both mother and child gave a positive direct Coombs' reaction. In addition to the high titre of anti-D antibodies, a cold incomplete auto-antibody of non-gamma-globulin type was present to a titre of 1:256.
On the 28th day 200 ml. whole blood were transfused without incident; Fig. 1 shows subsequent progress assessed by heel-stab hemoglobin estimations. The hemoglobin level again fell and a further 275 ml. whole blood were transfused on the 78th day. In comparison with the arbitrary 100/120 day expected survival of red cells after transfusion (Fig. 2 ) the first drop in htemoglobin is most marked and probably partly due to the non-specific autoimmune antibodies incompletely removed by exchange transfusion: the second drop is less marked and there are two peaks which suggest minimal erythropoiesis, although reticulocytes were never demonstrated until the 101st day. transfused red cells.
In the rapidly growing infant (Linda gained 11 lb. during the first 6 months) reference to the percentage hemoglobin level is not an accurate index of progress. Body weight can be equated with total hemoglobin mass by accepting an arbitrary blood volume of 40 ml. per lb. and in Fig. 3 Linda's weight curve has been applied to that of an average total htmoglobin mass in a baby with similar weight-gain, based on average htemoglobin levels during the first 175 days of life (MacKay, 1933; Horan, 1950) . By plotting total body hwemoglobin instead of hwmoglobin percentage (Fig. 4) the apparent deficit during the first 100 days is minimized. On applying this curve to the arbitrary normal range for a child of this weight (Fig. 5) the hrmoglobin mass beyond the required level; a-transfusion of half this amount would have sufficed. It has-been suggested that in the newborn a hmoglobin level of less than. 1 5 grams/l00 ml. is necessary before optimum marrow stimulation is achieved. Therapy, therefore, may have had the paradoxical effect of delaying ultimate erythropoiesis beyond 100 days by maintaining a hemoglobin level high enough to deprive the marrow of its usual anoxic stimulation. Between 95 and 100 days, however, an intercurrent pneumonia occurred and it is possible that the consequent slight degree of anoxia may have contributed to the appearance of reticulocytes for the first time immediately afterwards. Since then there has been no evidence of marrow failure; progress has been entirely normal, although the reticulocyte response never rose above 4%. No other abnormalities could be demonstrated, there was no splenomegaly and nothing to suggest a structural ormetabolic defect. Liver function tests, including plasma bilirubin, were normal, and Schumm's test for menalbunin consistently negative. The serum iron level was alow nornal (110 y/I00 ml.). Differential agglutination by tbe Ashby technique revealed a few D-positive cells by the 75th day and these slowly increased in number until, by the 100th day, they represented about 30% of the circulating total. Serial estimations for fetal hemoglobin were negative; serum and hrmoglobin electiophoretic patterns were normal; anthranilic aciduria was not present, Ham's test with acidified serum was negative, and no cold hiemolysin could be demonstrated. Repeated white cell and platelet estimations showed these to be normal or, during the phase of pneumonia, slightly elevated.
A repeated marrow aspiration on the 78th day showed early evidence of recovery of erythropoietic function with the so-called hzmatogones still predominating; early and intermediate nonnoblasts were now present in substantial numbers. Since that time progress has been entirely normal and, at the age of 1 year, the baby has developed without any evidence of pathological change.
DISCUSSION
This case shows isolated failure of erythropoiesis during the first 75 to 100 days of life, which was associated with apparently normal function in all other respects. Coincidentally there was hremolytic disease of the newborn from anti-D iso-antibodies and, as an additional finding, an incomplete non-specific auto-antibody was present in both the mother and child. The differential diagnosis would appear to lie between the marrow exhaustion usually found in hemolytic disease of the newborn; the so-called "non-responsive" non-himolytic anrmia of the newbom referred to by Smith (1953) and marrow failure due to immune mechanisms of the type referred to by -Gasser (1957) . As regards hemolytic disease of the newbom, the relative hypoplasia of erythropoiesis which follows is generally associated with leucopenia and sometimes thrombocytopenia: it is almost invariably transient and recovery takes place within 6 weeks. The non-responsive anemia of the newborn is often more transient and, although the anomaly may be limited to red ell formation, recovery is complete within 2 to 3 weeks of birth. In this case recovery did not take place until 14 weeks, although -this may 'have been delayed somewhat by transfusion therapy.
The presence of hematogones in the marrow during this period is a iding which is difficult to explain; these cells are described as being similar in morphology to the small lymphocyte but are widely regarded as red cell precursors which have, in some way, become abnormal. Morphologically they do not appear to be immature and, whilst accepting that they may be red cell precursors, it is difficult to believe that they are not differentiated.
They may represent an abnormal fonn of differentiation indicating damage to the reticulo-I endothelial system by which they are produced. Their presence in the marrow appears to be evidence of fundamental change which is not to be expected from simple marrow exhaustion but may be due to circulating iso-and auto-antibodies.
If iso-antibody formation were to be associated with marrow damage, the occurrence of isolated erythropoietic failure would be expected more frequently than in fact is the case. It is suggested, therefore, that the coincidental presence of an excess of circulating non-specific cold auto-antibodies has provided an additional feature leading to marrow disorder. It is unfortunate that the non-gamma-globulin type of antibodies demonstrated on the 24th day were not examined in greater detail; by the time their importance was appreciated they were no longer demonstrable in either the mother or child.
There remains the problem of where the damage might occur. Antigenicity is easily demonstrated in the adult erythrocyte but it is not known at what stage of maturation such antigenic properties become manifest. It would appear possible, and Gasser (1957) has referred to this, that antibodies might be formed against antigens on the surface of erythroblasts and their immediate precursors; this would, in part, explain the complete failure of an isolated feature of marrow function without implication of the other proliferating cell series. In this context, the hxematogone may represent an aberrant erythroid maturation caused by immunological damage to the reticulo-endothelial erythropoietic mechanisms.
